We genetically characterized pinworms obtained from 37 children from different regions of Germany and established new species-specific molecular diagnostic tools. No ribosomal DNA diversity was found; the phylogenetic position of Enterobius vermicularis within the Oxyurida order and its close relationship to the Ascaridida and Spirurida orders was confirmed.
Pinworms are the most common intestinal parasites in developed countries in temperate climates (1) . Humans are the only natural host of Enterobius vermicularis, and children are the most often affected by this disease, which is spread from the anus to mouth. Although it is regarded as a harmless infection, severe disease like colitis, perianal abscess, ectopic infections in females, and appendicitis can occur (1, 3, 12) . Whereas eradication is achieved by anthelmintics in most cases (12) , recurrent or persistent oxyuriasis lasting for years despite several treatment courses is seen in some patients. Molecular tools might help to understand transmission routes and distinguish persistent from repeated infections. However, sequence information on E. vermicularis is limited (6, 7) .
Pinworms were identified by examining feces from children with a magnifier, washed in tap water, and stored at Ϫ20°C. Then, pinworms from 37 children residing in different geographic regions of Germany were thawed and mechanically homogenized to extract DNA (Qiamp DNA minikit; Qiagen, Hilden, Germany). Enterobius vermicularis ribosomal DNA (rDNA) was amplified and sequenced as partially overlapping fragments using universal primers (AB28/TW81 and NEMF1/ S3), degenerated nematode primers, and species-specific primers (Table 1) . Amplification reaction mixtures (50 l) consisted of 100 nM (each) primer, 50 M (each) deoxynucleoside triphosphates (dNTPs), 2.5 mM MgCl 2 , 0.5 units polymerase, and 10 l template. PCR amplification was performed as follows: (i) denaturation at 95°C for 5 min; (ii) 40 cycles, with 1 cycle consisting of 60 s at 94°C, 60 s at 50 to 60°C, and 2 min at 72°C for 2 min, and (iii) a final extension step at 72°C for 10 min. Amplification of 18S rDNA fragments for diagnostic purposes using Enterobius-specific primers Ev18S.F1 and Ev18S.R1 was performed at 55°C under otherwise identical conditions. Products were detected on ethidium bromidestained agarose gels. PCR products were sequenced either directly or after gel extraction (QIAquick gel extraction kit; Qiagen, Hilden, Germany) and cloning (TOPO-TA; Invitrogen, Karlsruhe, Germany) using a BigDye terminator cycle sequencing kit and an ABI Prism 310 genetic analyzer (Applied Biosystems, Warrington, United Kingdom). Site polymorphisms were scored when alternative nucleotide peaks present were equal in height or when a minor peak significantly exceeded the background level and comprised Ն50% of the major peak. We amplified and sequenced the DNA of the small ribosomal subunit (18S rDNA, 1,716 bp), first and second internal transcribed spacer regions (ITS1 and ITS2, 1,073 bp) including the 5.8S rDNA (159 bp), and a 78-bp fragment of the large ribosomal subunit (28S). The complete 1,716-bp-long 18S rDNA sequence was obtained from only 27 worms, and all 37 ITS1-5.8S-ITS2 sequences were identical. Hence, our molecular analyses reveal no diversity of the genes examined to distinguish E. vermicularis isolates. Our result is in accordance with Iñiguez et al., who could not detect nucleotide differences within a 420-bp-long 5S rRNA sequence of seven pinworms The universal eukaryotic ITS primers TW81 and AB28 were used to amplify the ITS1-5.8S-ITS2 region; the nematode 18S consensus forward (F) primer NEMF1 was used with the universal eukaryotic reverse primer S3 (14) . All small-subunit (SSU) primers were adapted from Nematode Phylogenetics Primers (http://www.nematodes.org/barcoding/sourhope/nemoprimers.html). All Ev18S primers were designed based on the 18S ribosomal DNA sequence obtained in this study. R, reverse. from Brazil (6). The nonexistent genetic diversity might be due to excellent adaptation to the human host or low evolutionary pressure. However, analyses of less-conserved targets such as mitochondrial genes or the whole genome with for example randomly amplified polymorphic DNA (RAPD) using worldwide isolates are required to further elucidate the genetic diversity of E. vermicularis.
The small-subunit ribosomal DNA sequences were used to construct the molecular phylogeny of Nematoda (2, 9) where Enterobius vermicularis had not yet been included. Thus, we analyzed our 18S rDNA sequence together with other nematode sequences used by Nadler et al. (9) and published in GenBank (NCBI). This data set was aligned with DIALIGN (8) . For phylogenetic reconstruction, we excluded those positions that received scores as low as 0 or 1 from the alignment. We ran maximum likelihood analyses using RaxML (11), involving rapid bootstrapping over 1,000 rounds and using every 5th bootstrap tree as a starting point for heuristic search; GTRMIX was used as a DNA substitution model. Additional branch support was calculated using maximum parsimony bootstrap in PAUP* (13); we ran 1,000 bootstrap replicates, with 100 rounds of heuristic search per replicate starting from trees that resulted from subsequent addition of sequences in random order, treating gaps in the alignment as missing data and the multitree option not in effect. The maximum likelihood tree was rooted with Plectus aquatilis (GenBank [NCBI] accession no. AF036602) and Tylocephalus auriculatus (GenBank [NCBI] accession no. AF202155) and compared with previous molecular phylogenetic hypotheses (2, 4, 5, 9) . Our analyses (Fig. 1 ) assigned E. vermicularis to the Oxyurida and confirmed previous studies showing that nematodes from the orders Ascaridida, Oxyurida, Rhigonematida, and Spirurida belong to a monophyletic group, informally designated "clade III" (2, 4, 9). Oxyurida is a highly supported monophyletic group (the maximum likelihood [ML] and maximum parsimony [MP] bootstrap values are 100 and 99, respectively), which appears as the sister group to a clade that includes Ascaridida and Spirurida.
Although not useful to distinguish isolates, the 18S rDNA appears conserved enough for diagnostic purposes. Using our primers Ev18S.F1 and Ev18S.R1 (Table 1) , a single product of 215 bp was successfully amplified and sequenced from 35 pinworms examined. All Enterobius vermicularis sequences were identical, showing 73.9% identity to 18S rDNA of Trypanoxyuris sciuri (Oxyurida), 71% identity to Oxyuris equi (Oxyurida), and 73% identity to Anisakis sp. (Ascaridida) when applied to NCBI Blast Search (15) . No amplification was observed when DNA from adult Ascaris lumbricoides, Acanthocheilonema sp., or human DNA was examined.
This PCR assay was used to examine 60 pieces of Scotch tape each fixed to a glass slide and sent to our lab for diagnosis. Typical pinworm eggs were identified by microscopy for only 40. Then, pieces of the tape (1 to 1.5 cm by 1 cm) were cut and scraped off the glass slide using a sterile scalpel to avoid carryover contamination, and the eggs were transferred into tubes for DNA extraction as described above. DNA was amplified from all 40 microscopically positive samples and from three negative samples. No PCR product was obtained from the remaining 17 samples. Two of the three unexpected PCRpositive samples originated from samples from two children that gave positive results by microscopy and PCR in a second sample. The third false-positive sample was obtained from a household member of an infected child. It was concluded that the diagnostic PCR assay is at least as sensitive as microscopy (10) . Pinworm eggs are usually deposited on the perianal skin and detected by the Scotch tape technique. Thus, they are very rarely found in fecal samples usually sent for parasitological diagnostics. At this time, we are organizing a comparative diagnostic Enterobius PCR study using DNA isolated from fecal samples and Scotch tape.
In conclusion, we did not find any ribosomal DNA diversity of Enterobius vermicularis in Germany, we confirmed its phylogenetic position within Oxyurida, and developed a new species-specific diagnostic PCR which might identify more pinworm carriers than conventional tests.
Nucleotide sequence accession number. The 2,867-bp sequence was deposited in GenBank (NCBI) under accession number HQ646164.
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